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Optofluidics or micro-optofluidic systems ͑MOFS͒ is a burgeoning technology that aims to manipulate light and fluid at microscale and exploit their interaction to create highly versatile devices and integrated systems. The novelties of optofluidics are twofold. First, fluids can be used to carry substances to be analyzed in highly sensitive optical microdevices. Second, fluids can also be exploited to control the light in optical microdevices, making them tunable, reconfigurable, and adaptive.
Optofluidics or MOFS can provide new solutions and opportunities for a wide range of traditional micro-optical components and devices by tuning, reconfiguring, and manipulating small amount of fluids ͑10 Ϫ9 to 10 Ϫ18 litres͒. This new innovation allows scientists and engineers to tackle many classical problems with new tools and new research ideas. Since the development of optofluidics is still in its infancy, other problems, such as the development of core technology, innovation of remarkable products, and design of novel devices for the next generation high-value applications, must be addressed. The solutions to these problems will require imagination and ingenuity. This special issue puts together various contributed articles focusing on optofluidics or MOFS. Among them, the "Review article: Recent advancements in optofluidic flow cytometer," by S. H. Cho et al.
1 provides an insight into the latest development of flow cytometry using optofluidic platform. Another review article entitled "Optofluidic microcavities: Dye-lasers and biosensors," contributed by Y. Chen et al. 2 that introduces the physics basis of optical microcavities and microflow motion control. The American Institute of Physics selected two papers from this special issue for their press release. One is an article entitled "Cell rotation using optoelectronic tweezers," contributed by Y.-L. Liang et al., 3 who report a cell rotation method using optoelectronic tweezers. The other is an article entitled "Optofluidic planar reactors for photocatalytic water treatment using solar energy," contributed by L. Lei et al. 4 In his paper, Lei et al. design a planar microfluidic reactor as guided by the optofluidic principles. It not only overcomes the limitations of mass transfer and photon transfer in the previous photocatalytic reactors but also improves the photoreaction efficiency by more than 100 times.
Three articles on microlenses have been contributed to this special issue. "Characterization of microflow cytometer with an integrated 3D optofluidic lens system," from M. Rosenauer and M. J. Vellekoop, 5 develops a novel planar optofluidic flow cytometric device with an integrated 3D adjustable optofluidic lens system for forward scattering biochemical analysis. "Miniaturization of dielectric liquid microlens in package," from C.-C. Yang, C. G. Tsai, and J. A. Yeh, 6 presents packaged microscale liquid lenses actuated with liquid droplets of 300-700 µm in diameter using dielectric force manipulation. X. Mao et al. 7 design and characterize a simple in-plane tunable optofluidic microlens. In this design the radius of the curvature can be conveniently controlled through fluid injection and the resulting microlens has a readily tunable focal length.
Other contributions are briefly highlighted as follows. A liquid refractive index sensor that consists of two hemicylindrical prisms, two air gaps, and a microfluidic channel is presented by A. Q. Jian et al. 8 The design utilizes a unique physical mechanism of the resonant optical tunneling effect. This sensor is demonstrated to have an extremely sharp transmission peak with a sensitivity of 760 nm/RIU and a detectivity of 85,000 RIU Ϫ1 . B.-X. Shi et al. 9 propose a method for monitoring the biological exocytotic phenomena on a microfluidic system. This simple method allows one to observe the surface of a SH-SY5Y cell, in real time, without refitting the inverted fluorescene microscope. Y. Liu and M. Yu 10 present experimental demonstrations of optical manipulation and optical binding of microscopic glass rods using multiple traps created by a dualfiber optical trapping system. For the first time, cylindrical participles are optically trapped and bound by an optical-fiber-based system. In the study of S.-K. Fan, C.-P. Chiu, and P.-W. Huang, 11 cross scale electric manipulations of droplets on a millimeter scale as well as suspended particles on a micrometer scale are demonstrated by electrowetting-on-dielectric and particles chain polarization. Fan, Chu, and Wang show that by applying electric fields at proper frequency ranges, electrowetting-on-dielectric and polarization can be selectively achieved. K. Ono et al. 12 have contributed a paper entitled "Optofluidic tweezers on a chip" describing a method to realize an optical tweezer involving optofluidic operation in a microchannel. By changing the shapes of the interface of two liquids in the optofluidic region, the optical paths of the light can be continuously controlled. The paper "Tunable visual color filter using microfluidic grating" by Z. G. Li et al. 13 reports a tunable visual color filter based on a microfluidic transmission grating. The grating lines are formed by the microflows in an array of evenly spaced straight microchannels. The large tenability of the transmission peak makes this grating potential for various applications in biological and chemical measurements. H. Kim et al. 14 develop an optofluidic maskless photopolymerization process. The markless lithography system which combines a high power UV source and digital mirror device enables fast polymerization of arbitrary shaped hydrogels in microfluidic devices.
For those scientists who hope to break into the field of optofluidics or MOFS, articles in this special issue not only provide a good review of ongoing research within the authors' specific field of research but they also help inspire new ideas and suggestions for future research. It is my sincerest hope that the readers of these papers can be inspired to help grow the field.
In the process of preparing this special issue I owe a debt of gratitude to Hsueh-Chia Chang, Leslie Yeo, and Linda Boniello from the American Institute of Physics for their friendly suggestions, guidance, and timely assistance. I am grateful to them for their outstanding professionalism and patience. Last but not least, I thank all the prestigious groups of authors who have taken time to contribute papers for this special issue.
